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Guest Editorial

Special Issue on Edge-Cloud Interplay Based
on SDN and NFV for Next-Generation
IoT Applications

ITH significant and continuing advances in information
Wand communication technologies, the Internet of
Things (IoT) will play an increasingly important role in
domains, such as healthcare, transportation, finance, and
energy. In an IoT system, billions of devices (e.g., sen-
sors, wearables, and smart appliances) are connected to the
global network infrastructure, and one associated phenomenon
is the generation of a large volume of data. Apart from
data volume, the velocity, variety, and veracity of these data
will pose a significant burden on conventional networking
infrastructures. However, as sensor and fifth-generation (5G)
cellular technologies advance, so will the pervasiveness of IoT
deployment. Parallel to this trend, cloud computing has been
integrated with IoT in order to address limitations in exist-
ing IoT networks (e.g., storage and computing resources), and
examples include Google cloud dataflow and Amazon IoT.
However, cloud-centric IoT solutions may not be suited for
delay-sensitive and computationally intensive applications, for
example, due to resource availability, end-to-end latency, band-
width, etc. Increasingly, large-scale IoT deployments demand
high connectivity, interoperability, and orchestration which are
necessary for minimizing latency and maximizing throughput.
This highlights the importance of a distributed computing plat-
form that can support the interactions between IoT and cloud
computing systems.

Hence, there has been a shift to edge computing, where
computation and storage resources are moved closer to the
proximity of data sources. However, a large number of migra-
tion between edge and cloud impose communication delays, as
well as resulting in latency, bandwidth, and inefficient energy
consumption issues. Thus, there have been attempts to explore
the potential of network softwarization paradigms, such as
software-defined network (SDN) and network function vir-
tualization (NFV). SDN makes the network programmable
to deliver services and applications with greater agility and
cost effectiveness. NFV, on the other hand, provides network
functionality, while enabling better provisioning of network
resources. Thus, SDN and NFV will potentially improve the
flexible deployment of networks while enabling programma-
bility, reconfigurability, and multitenant capability, if used
in conjunction. Furthermore, things in next-generation IoT
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systems are expected to be extremely heterogeneous in terms
of platforms, resources, and connectivity. As a result, the
amalgamation of SDN and NFV in edge-cloud interplay is,
undeniably, promising in improving the Quality of Service
(QoS) for complex IoT-driven applications. However, there
are challenges, such as runtime service deployment, resource
scheduling, security, energy management, remote orchestra-
tion, and lack of aggregation/distribution strategies remain,
which need to be addressed for the successful deployment of
such paradigms.

Thus, this special issue proposes to present the state-of-
the-art approaches, methodologies, and key technologies, in
the design, development, deployment, and innovative use of
SDN and NFV for edge-cloud integration in next-generation
IoT infrastructures. We received over 115 submissions, and
each submission was assigned to at least three reviewers with
relevant subject matter experts. The 42 articles that were
eventually accepted for inclusion in this special issue went
through at least two rigorous rounds of review. We will now
briefly introduce the accepted articles and highlight their main
contributions.

In “Differentially private tensor train decomposition in edge-
cloud computing for SDN-based Internet of Things,” the
authors proposed a differentially private tensor computing
model to address the problems of data representation, data
mining, and privacy protection in SDN-based IoTs.

In “Interaction of edge-cloud computing based on SDN
and NFV for next generation IoT,” the authors discussed
multiattribute decision making of the mobile-edge computing
migration strategy based on NFV and SDN techniques.

In “Real-time fault detection for IIoT facilities using
GBRBM-based DNN,” the authors constructed a framework
of self-driving networks for edge industrial IoT networks.

In “An efficient energy cost and mapping revenue strategy
for interdomain NFV-enabled networks,” the authors proposed
an energy cost model and resource allocation strategy in
interdomain NFV-enabled networks.

In “Exploring deep learning models for overhead view
multiple object detection,” the authors focused on the detec-
tion of multiple objects for overhead view by leveraging two
convolutional neural network architectures.

In “THP: A novel authentication scheme to prevent multiple
attacks in SDN-based IoT network,” the authors presented
a secure authentication scheme for SDN to defend against
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shoulder-surfing attacks, recording screen attacks, and smudge
attacks.

In “Low-latency and resource-efficient service function
chaining orchestration in network function virtualization,” the
authors proposed a breadth-first search-based algorithm for
efficient service function chain provisioning and improving
the overall utilization of the physical network.

In “DPTO: A deadline and priority-aware task offloading
in fog computing framework leveraging multilevel feedback
queueing,” the authors constructed a delay-dependent priority-
aware offloading strategy for scheduling and processing the
tasks based on multilevel feedback queuing.

In “Context-aware object detection for vehicular networks
based on edge-cloud cooperation,” the authors designed a
deep-learning-based object detection method to deal with the
high mobility and high dynamic environments of vehicular
networks.

In “A cloud-MEC collaborative task offloading scheme with
service orchestration,” the authors introduced an offloading
scheme for big data transmission and processing load.

In “Human-like hybrid caching in software-defined edge
cloud,” the authors proposed a human-like caching architecture
based on neural network and reinforcement learning, which
effectively handles the delay requirement for content requests
in the IoT environment.

In “Al agent in software-defined network: Agent-based
network service prediction and wireless resource scheduling
optimization,” the authors presented a mobile agent system,
which uses Al agents deployed at different levels of SDN to
complete network service prediction and resource scheduling
functions.

In “Local differential privacy for deep learning,” the authors
developed a distributed privacy-preserving mechanism to con-
trol privacy leakage in convolutional neural network models.

In “AdaptFlow: Adaptive flow forwarding scheme for
software-defined industrial networks,” the authors suggested
an application-specific flow classification scheme wherein
incoming traffic is differentiated using self-organized mapping
followed by a B-+tree-based flow table management.

In “ESMLB: Efficient switch migration-based load balanc-
ing for multicontroller SDN in IoT,” the authors investigated
the load imbalance problem in SDN and proposed a multicri-
teria decision technique to select a target controller.

In “Integrating NFV and ICN for advanced driver-assistance
systems,” the authors proposed a content sharing architecture
where ICN is used to achieve multiuser sharing mode and NFV
is introduced to allocate resources for big data computing and
transmitting.

In “SDN-powered humanoid with edge computing for
assisting paralyzed patients,” the authors presented an assistive
system for paralyzed patients using a humanoid powered by
universal software radio peripheral and edge computing.

In “Complexity and algorithms for superposed data upload-
ing problem in networks with smart devices,” the authors
proposed a decentralized device-to-device communication
system in order to minimize the total energy consumption of
uploading superposed data.
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In “APIS: Privacy-preserving incentive for sensing task allo-
cation in cloud and edge-cooperation mobile Internet of Things
with SDN,” the authors proposed an auction-based privacy-
preserving scheme, which maximizes the sensing utility while
controlling the privacy leakage in the mobile IoT.

In “Joint trajectory-resource optimization in UAV-enabled
edge-cloud system with virtualized mobile clone,” the authors
presented a UAV-enabled edge cloud system, where UAV
works as MEC server and interplays with the central cloud
to provide computation services to the ground terminals while
minimizing energy consumption.

In “A novel load balancing and low response delay frame-
work for edge-cloud network based on SDN,” the authors
designed a service orchestration and data aggregation frame-
work based on SDN, which aims to reduce data redundancy
and services response time for data transmission.

In “Software-defined edge computing (SDEC): Principle,
open IoT system architecture, applications and challenges,”
the authors designed an SDEC-based open IoT system archi-
tecture, which decouples upper level IoT applications from
the underlying physical edge resources and builds dynamically
reconfigurable smart edge services.

In “Wireless virtualization architecture: = Wireless
networking for Internet of Things,” the authors designed a
three-layer game-theoretic wireless virtualization architecture
to support wireless networking in emerging IoT applications.

In “Two-stage offloading optimization for energy—latency
tradeoff with mobile edge computing in maritime Internet of
Things,” the authors presented a joint optimal offloading strat-
egy for large-scale maritime communication, which combines
with mobile-edge computing to provide efficient computing
capability.

In “Alleviating heterogeneity in SDN-IoT networks to main-
tain QoS and enhance security,” the authors proposed a
high-level SDN-IoT architecture, which transforms the hetero-
geneous controllers into a group of homogeneous controllers
in order to maintain QoS and strengthen the security of a
network with interconnected IoT nodes.

In “Reinforcement-learning- and belief-learning-based dou-
ble auction mechanism for edge computing resource alloca-
tion,” the authors presented a double auction-based MEC-IoT
resource trading market, in which IoT devices can offload their
tasks to MECs for higher speed data processing and shorter
response time.

In “Communication-efficient federated learning for wire-
less edge intelligence in IoT,” the authors adapted a popular
federated learning algorithm with Adam optimization and
compression in order to reduce computational overhead
and facilitate more efficient distributed edge-based computing
and distributed learning.

In “Toward big data processing in IoT: Path planning and
resource management of UAV base stations in mobile-edge
computing system,” the authors investigated the problem of big
data processing in IoT environments with UAV serving as base
stations. They proposed an online edge processing schedul-
ing algorithm based on Lyapunov optimization to address the
problem of dynamic path planning.
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In “Trusted cloud-edge network resource management:
DRL-driven service function chain orchestration for IoT,)”
the authors presented a service function chain orchestration
architecture based on the consortium blockchain and deep rein-
forcement learning (DRL), to realize trusted and auto-adjusted
resource sharing.

In “ToT-based context-aware intelligent public transport
system in a metropolitan area,” the authors designed an
intelligent public transportation system based on emergent
intelligence technique which intends to support commuters and
transport authority in taking dynamic decisions.

In “Toward optimal hybrid service function chain embed-
ding in multiaccess edge computing,” the authors investigated
how to optimize the provisioning of hybrid service func-
tion chains (h-SFC) that use different service functions in
upstream and downstream directions. An optimization problem
was formulated that optimally embeds a given h-SFC onto the
substrate network.

In “Smart collaborative tracking for ubiquitous power IoT in
edge-cloud interplay domain,” the authors proposed a Monte
Carlo estimation method of target tracking by investigating
advanced parameter prediction skills and improved particle
filter approaches.

In “Efficient and provably secure multireceiver signcryp-
tion scheme for multicast communication in edge computing,”
the authors introduced a new multimessage and multireceiver
signcryption scheme, which is based on the elliptic curve cryp-
tography and certificateless public-key cryptography and can
achieve receiver anonymity.

In “On the lifetime of asynchronous software-defined wire-
less sensor networks,” the authors formulated a mathematical
model to compute the maximum network lifetime and accord-
ingly proposed a multichannel operation and transmit power
control to reduce the effect of overhearing in asynchronous
networks.

In “SDN-enabled network coding-based secure data dis-
semination in VANET environment,” the authors presented a
reliable and secure data dissemination architecture which exer-
cises the concept of SDN by incorporating network coding
with multigeneration-mixing functionalities.

In “Waiting time minimized charging and discharging
strategy based on mobile edge computing supported by
software-defined network,” the authors proposed a mobile-
edge-computing-enabled charging and discharging scheme for
electric vehicles, which aims to minimize the maximal waiting
time of the charging stations.

In “An IoT Platform-as-a-Service for NFV-based hybrid
cloud/fog systems,” the authors proposed a novel IoT PaaS
architecture for NFV-based hybrid cloud/fog system, which
automates the provisioning of IoT applications over cloud and
fog resources.

In “Energy-efficient provisioning for service function chains
to support delay-sensitive applications in network function
virtualization,” the authors proposed an energy-aware rout-
ing and adaptive delayed shutdown mechanism for improving
the energy efficiency of the substrate network and delay
experience of virtual network functions.
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In “FESDA: Fog-enabled secure data aggregation in smart
grid IoT network,” the authors designed a fog-based privacy-
preserving data aggregation scheme for smart grids, where a
modified version of the Paillier cryptosystem is used to achieve
data privacy and the false data insertion problem was tackled
by filtering out the data inserted by attackers.

In “Blockchain-enabled distributed security framework for
next-generation IoT: An edge-cloud and software-defined
network-integrated approach,” the authors presented a security
framework that incorporates the use of blockchain technol-
ogy and integrates an SDN-based highly programmable IoT
network to authorize the identification of attacks.

In “5G NFV-based tactile Internet for mission-critical IoT
services,” the authors presented a human perception resolution
and the network cost-based utility function model for evalu-
ating the performance of the NFV-based tactile Internet and
enable mission-critical IoT services.

In “Dyme: Dynamic microservice scheduling in edge com-
puting enabled IoT,” the authors proposed a dynamic microser-
vice scheduling scheme for MEC-enabled IoT to maximize
network throughput, while providing optimal QoS level to end
users. The authors also presented a microservice prioritization
scheme to maximize the satisfaction level of both end users
and microservices in the edge platform.

We would like to express our sincere gratitude to all
the authors who submitted their valuable contributions to
this special issue, as well as to all the experts who par-
ticipated in the review process and provided suggestions to
help the authors improve their research. The Guest Editors
are also immensely grateful to the former Editor-in-Chief,
Prof. Xuemin (Sherman) Shen, for the opportunity to orga-
nize this special issue and the current Editor-in-Chief,
Prof. Honggang Wang, for his unwavering support and guid-
ance in preparing and finalizing this editorial. Also, we would
like to thank the Editorial Staff for their support leading to the
publication of this special issue. We sincerely hope that this
special issue will contribute to the body of knowledge.

SAHIL GARG, Guest Editor
Ecole de Technologie Supérieure
Montreal, QC H3C 1K3, Canada

SONG GUO, Guest Editor
Hong Kong Polytechnic University
Hong Kong

VINCENZO PIURI, Guest Editor
Universita degli Studi di Milano
20133 Milan, Italy

KIM-KWANG RAYMOND CHOO, Guest Editor

University of Texas at San Antonio
San Antonio, TX 78249 USA

BALASUBRAMANIAN RAMAN, Guest Editor
Indian Institute of Technology Roorkee
Roorkee 247667, India



IEEE INTERNET OF THINGS JOURNAL 5693

Sahil Garg (Member, IEEE) received the Ph.D. degree from the Thapar Institute of Engineering
and Technology, Patiala, India, in 2018.

He is currently a Postdoctoral Research Fellow with Ecole de Technologie Supérieure, Montreal,
QC, Canada; and a MITACS Intern with the Global AI Accelerator, Ericsson, Montreal. He
is also a Visiting Researcher with the School of Computer Science and Engineering, Nanyang
Technological University, Singapore. He has over 60 publications in high-ranked journals and con-
ferences, including 40+ top-tier journal papers and 20+ reputed conference articles. His research
interests are mainly in the areas of machine learning, big data analytics, knowledge discovery,
cloud computing, Internet of Things, software-defined networking, and vehicular ad hoc networks.

Dr. Garg was a recipient of the prestigious Visvesvaraya Ph.D. Fellowship from the Ministry
of Electronics and Information Technology, Government of India. He has been awarded the IEEE
ICC Best Paper Award in 2018. He is a Managing Editor of Human-Centric Computing and
Information Sciences (Springer). He is also an Associate Editor of IEEE Network Magazine,
IEEE SYSTEMS JOURNAL, Future Generation Computing Systems (Elsevier), Applied Soft Computing (Elsevier), and the
International Journal of Communication Systems (Wiley). He also serves as the Workshops and Symposia Officer for the IEEE
ComSoc ETI on Aerial Communications. He guest edited/editing a number of special issues in top-cited journals, includ-
ing the IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION SYSTEMS, the IEEE TRANSACTIONS ON INDUSTRIAL
INFORMATICS, the IEEE INTERNET OF THINGS JOURNAL, IEEE Network Magazine, Future Generation Computing Systems,
and Neural Computing and Applications. He is also the Workshop Chair/Publicity Co-Chair for several IEEE/ACM conferences,
including IEEE Infocom, IEEE Globecom, IEEE ICC, and ACM MobiCom. He is a member of ACM.

Song Guo (Fellow, IEEE) received the Ph.D. degree in computer science from the University of
Ottawa, Ottawa, ON, Canada.

He is currently a Full Professor with the Department of Computing, Hong Kong Polytechnic
University, Hong Kong. His research interests mainly include cloud and green computing, big
data, and cyber—physical systems.

Prof. Guo was the recipient of the 2019 IEEE TCBD Best Conference Paper Award, the 2018
IEEE TCGCC Best Magazine Paper Award, the 2017 IEEE SYSTEMS JOURNAL Annual Best
Paper Award, and other six Best Paper Awards from IEEE/ACM conferences. His work was also
recognized by the 2016 Annual Best of Computing: Notable Books and Articles in Computing
in ACM Computing Reviews. He was an IEEE ComSoc Distinguished Lecturer from 2017 to
2018 and served in the IEEE ComSoc Board of Governors from 2018 to 2019. He has also
served as the general and program chair for numerous IEEE conferences. He is the Editor-in-
Chief of the IEEE OPEN JOURNAL OF THE COMPUTER SOCIETY, and an Associate Editor of the
IEEE TRANSACTIONS ON CLOUD COMPUTING, the IEEE TRANSACTIONS ON SUSTAINABLE COMPUTING, and the IEEE
TRANSACTIONS ON GREEN COMMUNICATIONS AND NETWORKING.

Vincenzo Piuri (Fellow, IEEE) received the Ph.D. degree in computer engineering from the
Politecnico di Milano, Milan, Italy, in 1989.

He has been a Full Professor of computer engineering with the Universita degli Studi di Milano,
Milan, since 2000. Original results have been published in 400+ papers. His main research
interests are artificial intelligence, pattern analysis and recognition, signal and image process-
ing, biometrics, and industrial applications.

Prof. Piuri is the President of the IEEE Systems Council for 2020-2021, and was the IEEE
Vice President for Technical Activities in 2015, and the President of the IEEE Computational
Intelligence Society. He was the Editor-in-Chief of the IEEE SYSTEMS JOURNAL from 2013 to
2019. He is a Distinguished Scientist of ACM and a Senior Member of INNS.




5694

IEEE INTERNET OF THINGS JOURNAL, VOL. 7, NO. 7, JULY 2020

Kim-Kwang Raymond Choo received the Ph.D. degree in information security from the
Queensland University of Technology, Brisbane, QLD, Australia, in 2006.

He currently holds the Cloud Technology Endowed Professorship with the University of Texas
at San Antonio (UTSA), San Antonio, TX, USA.

Dr. Choo was the recipient of the 2019 IEEE TCSC Award for Excellence in Scalable
Computing (Middle Career Researcher), the 2018 UTSA College of Business Endowed Research
Award for Tenured Faculty, the British Computer Society’s 2019 Wilkes Award Runner-Up, the
2019 EURASIP JWCN Best Paper Award, the Korea Information Processing Society’s JIPS
Survey Paper Award (Gold) 2019, the IEEE Blockchain 2019 Outstanding Paper Award, the IEEE
TrustCom 2018 Best Paper Award, the ESORICS 2015 Best Research Paper Award, the 2014
Highly Commended Award by the Australia New Zealand Policing Advisory Agency, the Fulbright
Scholarship in 2009, the 2008 Australia Day Achievement Medallion, and the British Computer
Society’s Wilkes Award in 2008. He is a Fellow of the Australian Computer Society, and the

Co-Chair of the IEEE MTCT’s Digital Rights Management for Multimedia Interest Group.

Balasubramanian Raman received the Ph.D. degree from the Indian Institute of Technology
(IIT) Madras, Chennai, India, in 2001.

He was a Postdoctoral Fellow with the University of Missouri, Columbia, MO, USA, from
2001 to 2002, and a Postdoctoral Associate with Rutgers, The State University of New Jersey,
New Brunswick, NJ, USA, from 2002 to 2003. He was a Visiting Professor and a member with
the Computer Vision and Sensing Systems Laboratory, Department of Electrical and Computer
Engineering, University of Windsor, Windsor, ON, Canada, in 2009. He is currently a Professor
with the Department of Computer Science and Engineering, IIT Roorkee, Roorkee, India. He
has more than 150 research publications in reputed journals and conference proceedings. His
research interests include fractional transform theory, wavelet analysis, biometrics, content-based
video retrieval, video skimming and summarization, medical imaging, long-range imaging, and
hyperspectral imaging.

Prof. Raman was a recipient of the BOYSCAST Fellowship from DST, India. He is a member

of the IEEE Society, Uttar Pradesh Section, and acted as a Joint Secretary of the Executive Committee in the IEEE Uttarakhand
Sub-Section from 2011 to 2013.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


